SUMMARY The present study was undertaken to examine the intestinal phase of cholecystokinin (CCK) secretion and gall bladder contraction in patients with severe pancreatic insufficiency. Plasma CCK concentrations, measured by radioimmunoassay, and gall bladder contraction by cholescintigraphy were studied in response to intraduodenal fat with and without addition of pancreatic enzymes. Fasting plasma CCK concentrations were in the same range in six patients with pancreatic insufficiency with (2.6 (0.2) pmoUl) and without (2-6 (0.3) pmolIl) addition of pancreatic enzymes and in six healthy subjects (2-0 (04) pmol/l). The integrated plasma CCK secretion in response to intraduodenal fat was significantly (p<0005) reduced in the patients without addition of enzymes (46 (13) pmoUl190 min) compared with healthy subjects (199 (22) pmol/1.90 min), but increased significantly (p<001) by the addition of pancreatic enzymes (174 (25) pmolI1 90 min) to values not significantly different from healthy subjects. Similarly, gall bladder emptying in response to intraduodenal fat was significantly (p<0.01) reduced in patients with pancreatic insufficiency without addition of enzymes (at 90 min: 35 (11)%) compared with healthy subjects (at 90 min: 66 (7)°%) but significantly (p<0 01) increased by addition of pancreatic enzymes (at 90 min: 70 (8)%) to values not significantly different from healthy subjects. These results indicate that patients with severe pancreatic insufficiency have impaired gall bladder emptying after intraduodenal fat, which can be normalised by the addition of pancreatic enzymes. This impaired gall bladder emptying appears to be the result of a reduced plasma CCK response. Thus, intra-intestinal pancreatic enzymes play an important role in the intestinal phase of CCK secretion and gall bladder emptying.
The role of cholecystokinin (CCK) in the intestinal phase of pancreatic enzyme secretion and gall bladder contraction has been well established.'2 Abnormalities of CCK have been described in patients with pancreatic insufficiency.-"'4 Raised fasting and postprandial plasma CCK concentrations in patients with various degrees of chronic pancreatitis have been reported by some authors,' suggesting that increased plasma CCK concentrations result from impaired inhibition of CCK secretion by pancreatic enzymes. In subsequent studies, however, using the same radioimmunoassay system the findings could not always be confirmed.9" In fact, in recent studies using specific radioimmunoassays for CCK fasting and postprandial plasma CCK concentrations in patients with chronic pancreatitis and pancreatic insufficiency were found to be in the normal range`" or significantly reduced.'2-'4 Analysing the studies reporting normal postprandial plasma CCK secretion in more detail, it became apparent that in several of the studies on patients with severe pancreatic insufficiency, a reduced CCK secretion was found, although this reduction failed to reach
The latter finding of a diminished postprandial CCK secretion is in accordance with previous studies in dog and man indicating that digestion of nutrients is required for stimulation of CCK secretion as monitored by in vivo pancreatic enzyme secretion. 16 The present study was undertaken to determine whether a decreased postprandial plasma CCK secretion in patients with pancreatic insufficiency was reflected in a diminished gall bladder contraction. A second aim of the study was to investigate whether by supplying sufficient amounts of intra-intestinal pancreatic enzymes, postprandial plasma CCK secretion and gall bladder contraction could be improved in patients with pancreatic insufficiency. Therefore we have examined the intestinal phase of CCK secretion and gall bladder emptying in patients with severe pancreatic insufficiency by administration of the stimulus into the duodenum without and with addition of pancreatic enzymes.
Methods

SUBJECTS
Six male patients (mean age 41 years, range 32-52) with severe pancreatic insufficiency were studied. Pancreatic insufficiency was caused by alcoholic pancreatitis in three patients, by chronic pancreatitis of unknown origin in two patients and one patient had the Shwachman syndrome. The faecal fat excretion ranged from 12-37 g/24 h (normal <7.5 g/24 h). Pancreatic enzyme supplements were discontinued at least three days before the examination. None of the patients had insulin dependent diabetes mellitus or signs of chronic liver disease and routine liver function tests were normal in all of them. In addition, six male healthy control subjects (mean age 38 years, range 25-55) without known gastrointestinal or metabolic diseases were studied. Gall stone disease in the patients and in the healthy subjects was excluded by ultrasonography. The protocol has been approved by the local ethical committee and informed consent was obtained from each person.
Gall bladder emptying was measured by qantitative cholescintigraphy.'7 After an overnight fast each subject was given an intravenous bolus injection of technetium 99M 2,6-dimethylphenylcarbomoylmethyl iminodiacetic acid (eemTc HIDA). The administered dose was 3mCi (111MBq). During the gall bladder filling period a small tube was inserted by mouth and the tip was positioned, under fluoroscopic control, in the upper or second part of the duodenum. When the 'Tc HIDA activity in the gall bladder had reached its maximum, usually about 60 minutes after the injection, the subject was positioned supine beneath a large-field-of-view gamma scintillation camera interfaced to a microcomputer system. At the start of the study the stimulus was administered through the tube into the duodenum within two minutes. Serial images were obtained for 90 minutes in frames of one minute. At a later instance the images were replayed and the area of interest -that is, the gall bladder -was outlined according to the distribution of activity using a light pen. A time activity curve of the 90 one minute periods was obtained, corrected for radioactive decay and plotted. The number of counts within the gall bladder region at the start of the study was defined as 100% and served as the reference point for determining the gall bladder ejection fraction.
At minus five and zero minutes before and every five minutes for 30 minutes and every 10 minutes from 30 through 90 minutes a blood sample was drawn for measurement of CCK. Cholecystokinin was measured in plasma by a sensitive and specific radioimmunoassay. 8 9 The CCK antibody T204, was administered through the tube into the duodenum. This dose of corn oil has proved to be a powerful stimulus for CCK release and gall bladder contraction.20 The patients with pancreatic insufficiency were studied twice, on separate occasions with an interval of 14 days, in random order with and without addition of pancreatic enzymes to the corn oil. In two patients the effects of addition of the same amount of pancreatic enzymes, boiled for five minutes, to the corn oil, was also studied; no trypsin or lipase activity was demonstrable after boiling the enzyme extract. In two healthy subjects the effect of administration of the same amount of pancreatic enzymes without corn oil was studied in order to investigate whether pancreatic enzymes alone are able to release CCK. Fasting plasma CCK concentrations in the six patients with pancreatic insufficiency without (2.6 (0.3) pmol/l) and with (2.6 (0.2) pmol/1) addition of pancreatic enzymes and in the six healthy control subjects (2.0 (0.4) pmol/l) were not significantly different (Fig. 1) . Intraduodenal administration of fat resulted in a significant (p<0-05) increase in plasma CCK over basal in the patients without addition of enzymes only from 40 through 60 minutes while in the same patients with enzymes added to the fat meal and in the healthy subjects plasma CCK significantly (p<0.001-p<005) increased from 10 minutes continuing for the entire experiment. In the patients with pancreatic insufficiency plasma CCK concentrations in response to fat with addition of enzymes were significantly (p<0.005-p<0.05) raised over those in response to fat without enzymes starting from 10 minutes and continuing during the entire study period. No significant differences in plasma CCK between the patients with addition of enzymes and the healthy subjects were found while in the patients without addition of enzymes plasma CCK concentrations were significantly (p<0.001-p<0.05) reduced at 15, 20, and 25 minutes compared with the healthy subjects. Addition of enzymes to the fat meal significantly (p<0-005) increased peak increments in plasma CCK from 1.2 (0.2) pmolIl to 3-6 (0.3) pmol/l in the patients with pancreatic insufficiency (Fig. 2 panied by a significantly (p<0.01) later onset of gall bladder emptying (32 (4) min), when compared with the study with addition of enzymes (10 (2) min) and to the healthy subjects (9 (2) min, Fig. 4 ). Gall bladder emptying was significantly (p<0.01-p<0-05) reduced from 30 minutes through the entire study in the patients without enzymes compared with healthy subjects. By addition of pancreatic enzymes gall bladder emptying in the patients significantly (p<0-01-p<0-05) increased to values not significantly different from healthy subjects. After 90 minutes gall bladder emptying was 35 (11)% in the patients without enzymes, 70 (8)% in the patients with enzymes and 66 (7)% in the healthy subjects (Fig. 5 ).
Integrated gall bladder emptying was significantly (p<0-01-p<0-05) reduced in the patients without enzymes compared with addition of enzymes or to the healthy subjects beginning at 40 minutes and continuing for the entire study period (Fig. 3, lower  panel) .
Addition of boiled pancreatic enzymes to corn oil in two patients with pancreatic insufficiency did not influence CCK release and gall bladder emptying (Table) . The plasma CCK concentrations found in two healthy subjects during the 90 minute study period after intraduodenal administration of pancreatic enzymes alone (2.4 (0.2) pmol/l) were not significantly different from fasting plasma CCK concentrations (2.0 (0.4) pmol/l).
Discussion
In the present study it was shown that fasting plasma CCK concentrations in patients with severe pancreatic insufficiency were in the same range as in healthy subjects. The endogenous CCK secretion and gall bladder emptying in response to intraduodenal fat were, however, significantly reduced in patients with severe pancreatic insufficiency. It was further shown that the endogenous CCK secretion and gall bladder emptying could be normalised by the addition of pancreatic enzymes.
The present finding of normal basal plasma CCK concentrations in patients with pancreatic insufficiency is in agreement with the findings of several other reports.9 '3 11 In previous studies, however, increased as well as decreased fasting and postprandial plasma CCK concentrations were found in patients with chronic pancreatitis with or without impairment of pancreatic function.- The reason for these contrasting results is not apparent but may be related to the characteristics of the CCK assays or to differences in the severity of exocrine insufficiency in the patients studied.
Theoretically, several mechanisms may be responsible for the reversible reduction in CCK secretion and gall bladder emptying in patients with pancreatic insufficiency. First, a reduced postprandial plasma CCK secretion may be caused by impaired gastric emptying of the meal. The effect of gastric emptying, however, was precluded by administration of the stimulus directly into the duodenum. Second, a reduced functional capacity of the upper small intestine to release CCK could have caused a decreased postprandial plasma CCK secretion in patients with pancreatic insufficiency. This possibility is highly unlikely because the endogenous CCK secretion was normalised by the addition of pancreatic enzymes to the fat meal. A more likely explanation for the reduced plasma CCK response to intraduodenal fat in these patients is related to the finding that plasma CCK release is dependent on the digestion of proteins and fat which is affected in patients with pancreatic insufficiency as a result of a decreased pancreatic enzyme secretion. In dog and man it has been shown that luminal digestion of nutrients is required for stimulation of plasma CCK secretion measured by either radioimmunoassay or in vivo pancreatic secretion. 1=16 In other words, stimulation of exocrine pancreatic secretion leading to adequate intra-intestinal pancreatic enzyme activity is needed for digestion of proteins and fat to oligopeptides, amino acids and fatty acids in order to release CCK. By increasing the intraintestinal pancreatic enzyme activity through addition of pancreatic enzymes, the endogenous CCK secretion and gall bladder emptying could be normalised in patients with pancreatic insufficiency. It is not known whether CCK is released after intraduodenal administration of pancreatic enzymes alone. Therefore, in two healthy subjects plasma CCK concentrations were determined after intraduodenal administration of pancreatic enzymes without corn oil. After administration of pancreatic enzymes alone no effect on CCK secretion could be shown.
From the present study it can be concluded that (1) patients with severe pancreatic insufficiency have impaired gall bladder emptying after corn oil, (2) that gall bladder emptying can be normalised by the addition of pancreatic enzymes, (3) that the impaired gall bladder emptying seems to be the result of a reduced plasma CCK secretion, and (4) that intraintestinal pancreatic enzymes play an important role in the intestinal phase of CCK secretion and gall bladder emptying.
in severe pancreatic insufficiency. 
Reversible gall bladder dysfunction
